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a b s t r a c t
The design of policy controls oriented to stimulate speciﬁc industrial activities high-
lights a set of problems that involve the choice of the macro variables that make up
the policy control, the determination of their aggregate amount as well as their sec-
toral composition and their inner balance. In a multi-sectoral framework these issues
require a careful identiﬁcation of the relationship between the scale (aggregate value) and
structure (inner composition) of both the policy control and policy target. The Macro Mul-
tiplier approach identiﬁes the complete set of aggregate scalars that are hidden within
the complexity of the multi industry relations and how they are strictly linked with pre-
determined structures both of the policy control and of the policy target. The application
exercise is performed on an Input–Output table for the US for the year 2007, the applied
exercise focuses on the government strategies for the “Manufacture of Motor vehicles”
sector.
© 2011 Elsevier B.V. All rights reserved.
1. Introduction
Present-dayeconomic crisis raises the issueofdesigning
policies oriented to support of a speciﬁc industry’s output
as, for example, the manufacture of motor vehicles, which
suffers its main negative effects in quite a few countries
in the world. The discussion on output-supporting policies
stimulate the scientiﬁc debate on a set of problems con-
nected with the consistent deﬁnition and quantiﬁcation
of the macro variables, both at the sectoral and aggregate
level.
 The paper has attained substantial improvements due to the accurate
and detailed comments of two anonymous referees who are gratefully
thanked.
∗ Corresponding author. Tel.: +39 0733 258 2560;
fax: +39 0733 258 3970.
E-mail address: socci claudio@unimc.it (C. Socci).
Since the net-balances of such policies imply an
impressive amount of economic resources, their economic
impacts have to be evaluated within possible alternative
scenarios where the sectoral and the aggregate level are
consistently determined and quantiﬁed. The complex anal-
ysis to be developed on this aspect requires the use of
appropriate tools, which take into account the relevance
of the links that each industry has with all the others, as
well as the indirect effects that might be generated by the
production system.
The policy problem is then brought to the identiﬁcation
of the “convenient” aggregate value and composition of the
policy control variable,most suited for attaining the targets
ﬁxed by the policy maker.
From this view point the most suitable tools seems to
reside in the developments of the multisectoral approach.
In recent decades debates and progresses in national
accounts have put major pressure towards the realization
of the multisectoral consistency in the observed values
of macroeconomic variables. The multisectoral approach
0954-349X/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
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has inspired the late developments in national accounting
systems.1 In some cases, however, the simple and clear-
cut leontieﬁan inspiration has gone lost,2 especially when
we are faced with simulation procedures and outcomes
that appear either automatic and somehow “black-boxed”.
These procedures make the model less and less stylized
and consequently less transparent in its economic perfor-
mance.
Our attempt is that of developing a tool of analysis that,
in this paper, will be experimented on an exercise with
a conventional I–O (Input–Output) model. The tool pro-
posed, however, is designed having in mind the extension
of the traditional income circular ﬂow in a way consis-
tent with the profusion of multisectoral data emerging
from SNA, SAM and its extensions. The future applica-
tions of this analysis will rely on multisectoral framework
that refer to those accounting frameworks. Our analysis
is, then, conceived in the direction traced by the tradition
of the I–O analysis that is that of both closing the pro-
duction model with the incomes’ distribution3 and that of
considering exclusively coefﬁcients and shares emerging
from the data set, rather then more complex behavioural
hypotheses. This is what we feel is the Leontief heritage:
[ldots]empirical enquiry and theoretical model building
have to be carried out “hand-in-hand” (Leontief, 1988) in
which he manifests also his scepticism towards complex,
as opposed to stylized, modelling.
In this perspective some explicit consideration is
needed on the role assigned to each aggregate macroe-
conomic variable, within the policy model: endogenous
or exogenous as well as target or control. This inspec-
tion is crucial in a multisectoral model emerging from the
SAM accounts since the number of macroeconomic vari-
ables is large. However, it is also fruitful to our applied
exercise where, as in all traditional I–O models, we have
only one exogenous macro-variable, the ﬁnal demand,
and two endogenous macro-variables namely intermedi-
1 These developments, originating from the work of Sir Richard Stone
(Stone, 1979), were already present in the UNSO manual 1969 (UNSO,
1968). In the 1994 edition (UNSO, 1994) they appear in a complete and
systematic settlement both under theoretical and applied grounds. The
same System of National Accounts (SNA) appears as a special case in the
more general ﬁeld of the Social Accounting Matrices (SAM). In this per-
spective the disaggregation of macroeconomic variables is encouraged
and highly facilitated in a way and with an easiness previously unknown.
These progresses have greatly inﬂuenced the modelling side through the
contribution that the SAM (Pyatt and Round, 2006) and the computable
general equilibrium modelling (Takeda, 2010) have offered to economic
analysis.
2 Wassily Leontief looked suspiciously any attempt to move away from
the simplicity of thedeﬁnition anddeterminationof technical coefﬁcients,
as the case of introducing econometric procedures within multisectoral
modelling. He considered this simplicity-feature a valuable peculiarity
of Input–Output analysis. Sometimes with more complex multisectoral
models, as the CGE models, some of the behavioural assumptions, on
which the simulation results may heavily rest, remain neglected or some-
howundeclared, because the complexity of the relationships do not allow
an easy, or more immediate, control of the assumptions set.
3 Traditionally the closure of the Leontief model has been realized in
differentways as for example inMiyazawa (1976) or Almon (1991). In the
ﬁrst through the use of shares more in line with the Leontief viewpoint
in the latter through introduction of econometrically estimated equations
for income formation and distribution.
ate consumption and total output. Here ﬁnal demand and
total output play the role of policy control and policy tar-
get respectively while intermediate consumption remains
endogenouslydeterminedby theoutcomeson total output.
From the explicit policy view-point a more strict rela-
tionship among sectoral and aggregate results has then to
be found, so that sectoral and aggregate outcomes can be
determined simultaneously and not sequentially, accord-
ing the prevalent practice.4 The keystone of the paper is the
design of useful deﬁnitions of the aggregate dimension of
a sectoral vector variable. These “useful” aggregation rules
are, according our elaboration: balance, Manhattan norm
and Euclidean distance. Each of these aggregation criteria
provideuseful informationon the featureof themacrovari-
ables as awholeandallowtogathervectors intovector-sets
of the same scale and varying structures.
Matrix transformation of the policy-control sets – the
equal-policy-control contours in our deﬁnition – into
policy-target sets – the equal-policy-target contours –
can be conveniently performed making reference to the
Euclidean norm. This leads to the identiﬁcation of the com-
plete set of the Macro Multipliers (MM) (Ciaschini and
Socci, 2006, 2007; Ciaschini et al., 2009, 2010) that are hid-
den within the complexity of the multi industry relations
andof their linkswithpredetermined structuresbothof the
policy control and of the policy target. The explicit intro-
duction in multisectoral analysis of the Euclidean norm as
aggregation criterion to be used contextually with more
traditional and intuitive criteria, as sum and balance, helps
in overcoming the difﬁculties of consistently aggregating
multisectoral relationships and of using of scalars of aggre-
gate level withinmultisectoral relationships.Moreover the
structures associatedwith theMMprovide a ranking of the
sectors in terms of the ability, within the policy control,
in attaining the goal and a ranking of the sectors, within
the policy target, of the policy target in beneﬁtting of the
control stimuli.
In Section 2 after a brief discussion of the structural and
reduced form of the Leontief model we deﬁne the three
aggregate measures for a policy-control vector-variable
and study comparatively their deﬁnitions. Groupings of all
conceivable policy controls are then ordered into the equal
policy-control contours. These are deﬁned as the sets of
the policy-controls that have the same aggregate value,
according each of three criteria.
In Section 3 the Macro Multipliers and the key struc-
tures of policy-controls and policy-targets in the Leontief
reduced form are discussed. The role of aggregate Macro
Multipliers that rule multisectoral relations is shown, as
well as the way of activating them singularly, through the
policy key structures, and the way of making them impact
on targets, through the target-key structures.
InSection4 theequalpolicy-target contours aredeﬁned.
They represent the target sets that are reachable with the
4 In the multisectoral tradition, in fact, sectoral results are determined
ﬁrst and then, by summation, aggregate outcomes are derived. While in
the aggregatemacroeconomic tradition the results for the aggregate vari-
ables are established and then through theuse of convenient vectors these
results are split into sectoral ones.
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use of the policy-controls that have the same aggregate
value. They are obtained as transformations of the equal
policy contours through the Leontief reduced form, accord-
ing to the three different aggregation criteria previously
deﬁned.
Section 5 shows an exercise with a 69 by 69 symmetric
I–O ﬂow table of the U.S. economy in year 2007. A solu-
tion to the traditional Leontief model has been obtained
imposing to theLeontief inverse, the “observed”policy con-
trol vector. The aggregate results of this simulation are
compared to those obtained adopting two alternative com-
positions of the policy control vector, suggested by the
application of theMMapproach. These two structures have
been chosen out of the 69 for their speciﬁc features. Finally
an attempt has been performed of designing a policy given
by the combination of the previous ones where role played
by the policy maker is that of choosing the “convenient”
blend between the two.
2. Three aggregate measures for a multisectoral
economic policy
In order to allocate the policy problem in a multisec-
toral framework we refer to the Leontief model (Leontief
et al., 1965).5 This is the simplestmultisectoralmodel, com-
pared, for example, to that emerging from the SAM. In these
models themacroeconomic variables are deﬁned and eval-
uated as sectoral ﬂows with lesser attention paid to their
aggregate role, which is determined as a summation of the
ﬂow over all sectors. The macro variables implied are total
output vector x, industry demand vector m, ﬁnal demand
vector f and, in an ancillary role of accounting check, value
added vector y.
The equilibrium relationships that connect intermedi-
ate demand expenditure and ﬁnal demand expenditure to
total output value - veriﬁed at the industry level- can be
written, according the well known formula, as:
x = m + f (1)
Given the technical coefﬁcientmatrixA, the structural form
of the Leontief model is written as:
x = A · x + f (2)
that implies a value added of the type:
y =
∑
j
(
1 −
∑
i
aij
)
xj (3)
which connects to the concept of GDP, the most relevant
macro variable in aggregate modelling.
Speaking in terms of policymodels, Eq. 2 represents the
structural form of the Leontief model. This model has a
corresponding reduced form in which variables that play
a strategic role in deﬁning the policy problem are put in
5 In the present paper we will conﬁne our discussion to the traditional
Leontief model. This is because the Leontief model is the most popular
among the multisectoral models and provides the necessary multisec-
toral features of the macroeconomic variables. The discussion of a more
complex multisectoral model would develop similarly once determined
its reduced form.
evidence. These are the endogenously determined policy
target, z= [z1, . . ., zn]T on which the effects of the policy
control are observed, and the exogenously given policy
controls, p= [p1, . . ., pn]T, which the policy maker has to
determine to attained the desired or convenient conﬁgu-
ration of the policy targets (Ciaschini et al., 2009).
The structural model is then manipulated in order to
put the policy targets in direct relationship with the policy
controls determining the reduced form of the model:
z = R · p (4)
whereR= [I−A]−1, z=x andp= f. Notablywith the Leontief
model the target variable, z, is represented by total output,
x, and the policy control, p, by ﬁnal demand, f. This means
that the Leontief reduced form matrix coincides with the
Leontief inverse R= [I−A]−1.
In the Leontief model the speciﬁc policy targets z0, i.e.
changes6 in total outputs, are linked to the peculiar policy
controls p0, i.e. changes in ﬁnal demands, through the well
known Leontief inverse R. Once determined the solutions
of the policy problem, the remaining endogenous variables
are then consistently determined:
m0 = x0 − f0 (5)
y0 =
∑
i
⎡⎣x0i −∑
j
aijx0j
⎤⎦ (6)
However, a preliminary problem has to be discussed
which regards the determination of the aggregate ﬁgure
to be globally associated to the change in the policy-
control vector-variable starting from the observed sectoral
changes in the same vector-variable. This discussion will
lead us to determine three different aggregation criteria for
the same policy-vector each one with a different meaning
on the aggregate behaviour of the macro variable.
Let us consider a simple numerical example, concern-
ing a two-commodity economy. In this case if we want to
provide an aggregate value representing both a contrac-
tion in the demand of commodity 1 of 2 million dollars
and an expansion in the demand of commodity 2 of 4 mil-
lion dollars, our policy control vector would be p= [−24]T
and the most immediate aggregate value to be associated
with policy control pwould be the summation over all sec-
tors,
∑
ipi =2. Since policy controls are usually expressed
as changes from a predetermined level, they will usually
exhibit sectoral components of both signs. A sum value of
2 for policy vector p would mean that vector p represents
globally a net demand expansion of 2 million dollars. This
aggregation criterion gives, then, the information on the
balance of the policy manoeuvre. In this case a ﬁrst deﬁni-
6 Since in simulation experiments macro variables are expressed as
variations from the benchmark level, while in the theoretical exposition
variables are expressed as levels, in order to simplify the symbols the
variation sign  will be omitted.
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Fig. 1. Equal-balance policy contour (policy vector p= [−24]T belongs to the equal balance policy-contour 2).
tion of the scale of the policy control vector p will be given
by:
bal(p) =
∑
i
pi = costant
The vectors that show the same net balance will be
allocated along the same line as shown in Fig. 1. Putting
together all the possible policy controls p into groups
according their balance, a set of lines will be determined
and we deﬁne then as equal policy-contours with respect
to a predetermined balance or, brieﬂy, equal-balance pol-
icy contours. An equal-balance policy contour, then, puts
together all thepolicy-control vectors that quantify apolicy
manoeuvre that has the same net balance.
The family of the equal-balance policy contours orders
then all the conceivable policy vectors according their net
balances: a map where, for each aggregate balance value
of the macro variable chosen as policy control, a set of inﬁ-
nite sectoral compositions of the same variable is shown.
In the policy application the zero-balance manoeuvre is of
great interest because is represented by the policy con-
trol performed without making its original global level. In
this case the manoeuvre is realized through changes that
compensate each other.
It is, however, apparent that balance is not sufﬁcient
by itself to describe the order of magnitude of the net
changes in the role of policy control. In particular net bal-
ance does not give information on the order of magnitude
of changes involved within the policy control. Fig. 1 shows
howchangesof all ordersofmagnitudearecompatiblewith
the same net balance.
Ameasuremore suitable for this aim is given by the sum
of absolute values, that we will indicate with the abridged
expression of change Cng (. . .):
Cng(p) =
∑
i
|pi| = constant
As shown in Fig. 2 the change of vector p quantiﬁes the
order of magnitude of the policy manoeuvre in terms of
both the expansion realized and the restraints imposed to
sectors. Vectors that show the same absolute change will
locate along the same squarewith diagonal equal twice the
change.
Grouping all the possible policy controls p according
their aggregate scale deﬁned as change, a set of squares
Author's personal copy
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Fig. 2. Equal-change policy-contour (policy vector p= [−24]T belongs to the equal-change policy-contour 6).
will be generated, as shown in Fig. 2, that we deﬁne as
equal-change policy contour.
The change of a vector, according our deﬁnition, has also
speciﬁc properties that the previously deﬁned balance has
not. The aggregation rule given by Cng(. . .) is, in fact, a vec-
tor norm. It deﬁnes a type of distance between two points,
and then the vector’s length, in terms of the sum of the
(absolute) differences of their coordinates. Sometimes is
known asManhattan norm.7 The notion of normof a vector
in mathematics is essential in order to deﬁne the concept
of “distance” or “length” in a linear vector space as that in
which the equal policy contour map is deﬁned.
But what is more relevant the norm can give interest-
ing suggestions for the deﬁnition of the macroeconomic
aggregate value of a multisectoral vector variable. In fact
the norm of a vector p ∈ Pn is a mapping that associates a
real number to each element in Rn. Whatever type of norm
has to fulﬁl some consistency requirements:
7 This name alludes to the grid layout of most streets on the island
of Manhattan, which causes the shortest path a car could take between
two points in the city to have length equal to the sum of the (absolute)
differences of their coordinates rather than the Euclidean distance.
(l) the norm of a vector different from zero is positive;8
(2) the norm of the sum of two vectors is not greater then
the sum of the norms of the two vectors;
(3) scaling a vector by a constant the norm of the vector is
scaled by the same constant.
We note that while the change satisﬁes the requisites
to be a norm the balance does not satisfy these conditions,
even providing valuable economic information. In fact bal-
ance can become negative and can be zero also when all
his elements are not equal to zero and this is contrary to
the requirements for being a norm. Of course it remains
the relevance of its economic meaning; that’s why balance
will be used contextually with change as two criteria for
aggregating our policy control vector.
Since our aim is that of operating on the mul-
tidimensional policy target through the use of the
8 The norm is a deﬁnite positive function: ‖p‖ = 0∀p∈P and ‖p‖ = 0 if
and only if pi =0.
It satisﬁes the triangular inequality:
∥
p1 + p2
∥ ≤ ∥p1∥+∥
p2
∥
p1,p2 ∈P.
It is homogeneous
∥∥ · p∥∥ = ∣∣∣∣ · ‖p‖ for each scalar .
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Fig. 3. Equal-modulus policy contour (policy vector p= [−24]T belongs to the equal-change policy-contour 4.472).
multidimensional policy control, we need to answer to
a further question. Are the aggregation criteria, that we
use for the deﬁnition of the policy contours, exploitable to
understand something more on the transformation from
policy into targets operated by the Leontief reduced form?
As it will be shown further on in this paper, a matrix trans-
formation of the vector space – themap of the equal policy
contours – takes place through a process that implies three
phases: rotation, scaling and counter rotation.
The main question is now whether the morphology of
the equal-change policy contour is neutral with respect to
the rotation and the counter-rotation phases of the matrix
transformation. In these two phases no scale change has to
be introduced by a rotation operation so that dimensional
changes can remain conﬁned to and completely deter-
mined by the scaling phase. In this phase the aggregated
Macro Multipliers that rule the matrix transformation are
determined.
Each rotation of the axes transforms the coordinates
of the vectors. However, an axis rotation transforms the
length of the policy vector on the equal-change policy con-
tour in a non uniformmanner since the length of the policy
vector on the contour is not constant. The speciﬁc geomet-
rical features of the equal-change policy contour is, then,
not neutral with respect to an axes rotation.
We then conclude that even if the two aggregation cri-
teria described, balance and change, are sufﬁcient under
the economic proﬁle to synthesize the characteristics of
the vectors scale, a further attempt is needed to identify
an aggregation criterion that can generate an equal policy
contour map neutral with respect to an axes rotation. In
this way we will be able to isolate the aggregated Macro
Multipliers, implicit in the Leontief reduced form, that can
bedeterminedonly in the scalingphase of thematrix trans-
formation.
An aggregation criterion that overcomes these draw-
backs is that of assigning to the vector’s scale the value of
its Euclidean norm, the modulus:
Mod(p) = 2
√∑
j
|p2
j
|
All the policy vectors that have constant modulus are
invariant with respect to rotations of the axes and describe
Author's personal copy
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Fig. 4. Unit equal-change and equal-modulus policy-contours (For policy structures OA, OB, OE and OF for which modulus and change coincide).
a circle with radius equal to a constant as shown in Fig. 3.
This aggregation criterion is less immediate in its economic
interpretation then the two already shown. It is, however,
useful in calculation when, operating with matrices on
macroeconomic vector variables, we need to isolate the
scale effects from the structure effects of amacroeconomic
vector variable on another vector variable. Given the three
aggregation criteria, a predetermined vector variable will
show three different aggregated values. The three values
provide three different indications on the three features
of the scale of the variable and the possibility of switch-
ing from a value to another, when necessary, through the
use of the deﬁnitions. As a consequence vector p= [−24]T
of our original example will belong to the equal-balance
policy contour2– sinceBal(p) = 2– to theequal-changepol-
icy contour 6 – since Cng(p) = 6 and to the equal-modulus
policy contour 4.472 – since Mod(p) = 4.472.
The relationship that exists between change and
modulus is of particular interest and can be analyzed
concentrating on the unit equal-change and the unit equal-
modulus policy-contours. As shown in Fig. 4 the distance
d, which determines the abscissa of point A, reduces along
the equal-change policy contour for rotations until 45◦, for
expanding again towards d when the axes rotation has
reached 90◦, point B in Fig. 4. Then the absolute change
of a vector is an aggregate evaluation that changes the pol-
icy vector’s length from OA in point A to OD in point D –
while it should be equal to OC if it had to be kept constant
in length – and again to OB= OA in point B.
The segment DC quantiﬁes, then, the “loss of scale”
of the unit change policy vector with respect to the unit
modulus policy vector – which remains invariant in its
order of magnitude while changing its composition – due
to rotation i.e. due to fact of varying the structure of
vector p.
3. Macro Multipliers and key structures of the
Leontief reduced form
The policy control p0, consisting in a vector of n ele-
ments according the number of sectors composing the
macrovariable is then premultiplied by the reduced form
of the model, that in the case of the Leontief model is
an (n×n) matrix. However, the reduced form of a mul-
tisectoral model can be given, in the general case, by an
(m×n) matrix. We will then refer to this case since the
other case is easily derived from it. In the reduced form all
the endogenous macroeconomic variables, other than the
target variables have disappeared. The policy control will
thenhave an effect on themacrovariable considered as pol-
icy target which is given by a vector z0 with m elements as
the sectors that compose the macrovariable.
z0 = R · p0 (7)
The reduced form can be rewritten as: R = (z˜1p˜1m1 +
z˜2p˜2m2 + . . . + z˜kp˜kmk) so that
z0 = (z˜1p˜1m1 + z˜2p˜2m2 + . . . + z˜kp˜kmk) · p0 (8)
MatrixR can be interpreted as a stratiﬁcation of kmatri-
ces of the type z˜i p˜i mi. The two vectors z˜i and p˜i are
two normalized vectors that make up thematrix structure,
whose elements will be multiplied by the scalar mi. Each
matrix in this sum is ruled, then, by an “aggregate” scalar,
mi, that plays the role of an aggregate multiplier hidden in
the complexity of a multisectoral matrix. The k scalars mi
are the Macro Multipliers (Ciaschini and Socci, 2007) rul-
ing matrix R as to the scale effects matrix R, that can be
simultaneously activated or deactivated through the use
of convenient “keys”. Since vectors p˜i are perpendicular
among them, each policy p0 that has the same structure
of p˜i will zero out all matrices in R other than zipimi. In this
Author's personal copy
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way only multiplier mi is activated. The intensity of activa-
tion of the Macro Multiplier mi is a scalar ˛i given by the
product of the actual policy control vector p0 and vector p˜i
suggested by matrix R:
˛i = p˜i · p0
For this peculiar and relevant function that the k vectors
p˜i performwithin thematrix of the reduced form Rwe call
them key-structures of the policy control or policy-control
key-structures. On the other hand the impact ωi of the i
th multiplier on the policy target z0 is a scalar given the
product of two scalars, the intensity of activation of the i th
multiplier, ˛i, and the Macro Multiplier itself mi:
ωi = ˛i · mi
This impact is attributed to the policy target vector z0
according vector z˜i, in matrix z˜ip˜imi. For this relevant role
played by the k vectors z˜i within the matrix of the reduced
formR, we call them the key-structures of the policy-target
or the policy-target key-structures. Of course a generic pol-
icy control vector will activate all the Macro Multipliers,
while a strategy-aware policy control can exploit these
matrix characteristics and their economic implications that
conveniently keep together aggregate and multisectoral
outcomes.
In matrix terms the Macro Multipliers can be deter-
mined as singular values of the reduced form. Given an
m×n R matrix always exists the decomposition R = Z˜ · M ·
P˜
T
.
Matrix Z˜ = [z˜1 . . . z˜m] is an m×m unitary matrix, i.e
a matrix composed by a set of orthonormal vectors
(Lancaster and Tiesmenetsky, 1985), that represents the
policy-target key-structures through which all the results
for the policy targets are observed and evaluated. Matrix
P˜
T = [p˜2 . . . p˜k] is a n×n unitary matrix, given by the set of
the policy-control key-structures.
Matrix M is an m×m diagonal matrix with all elements
equal to zero outside the diagonal. The elements along the
diagonal are all real and can be ordered according their
magnitude as: m1 ≥m2 ≥ . . .≥mk ≥0 and k=min [m, n].
In general the decomposition may be compacted as:
R =
[
Z˜1Z˜2
][M1 0
0 0
][
P˜
T
1
P˜
T
2
]
Or
R = Z˜1M1P˜T1
whereM1 is ak× kdiagonalmatrixwherekare thenonzero
Macro Multipliers. Z˜1 m× k represents the ﬁrst k columns
of Z˜ and is a base in the policy target space 	 (R). P˜1 is an
n× k matrix and represents the ﬁrst k columns of P˜T and is
a base in the policy control space ℘ (R).
From these considerationwe can get suggestions useful
for thedecomposition of the Leontief reduced formgiven in
the secondparagraph. Taking the square of thatmatrix, and
remembering that it is not symmetric,weget twomatrices:
RTR and RRT.
Fig. 5. Matrix of the Leontief reduced form.
The symmetric matrix RTR will be given by:
RTR = P˜M2P˜T
since RTR = (Z˜MP˜T )
T
(Z˜MP˜
T
). From this result we get that
theMacroMultipliers are the square root of theeigenvalues
of matrix RTR, that is:
mi =
√
i(R
TR)
Besides the policy-control key-structures p˜i, which
evaluate i.e. give a weight in terms of activation of the
multipliers to all possible policy controls, are obtained as
eigenvectors of RTR.
Similarly if we consider RRT we obtain:
RRT = Z˜M2Z˜T
since RRT = (Z˜MP˜
T
)(Z˜MP˜
T
)
T
, this means that the Macro
Multipliers can also be calculated as square root of the
eigenvalues of matrix RRT, that is:
mi =
√
i(RR
T )
Moreover the vectors that represent the policy-target
key structures z˜i, are obtained as eigenvectors of RRT.
On the basis of this decompositionwe can conclude that
the Leontief reduced form operates in three steps as shown
in Fig. 5:
1. Rotation. The actual policy control, p0, is evaluated in
terms of the policy key-structures in order to determine
theweight at which each policy key-structure is present
in the actual policy control, these weights are quantiﬁed
by vector P˜
T
p0;
2. Scaling. A scale effect is attributed to each policy key-
structure, according its presence in the actual policy
control. Vector MP˜
T
p0 quantiﬁes this effect.
3. Counter Rotation. The effect of the actual policy control
on the policy target, z0, through a counter rotation that
transforms the macro-multipliers scaled effect of actual
policy control, MP˜
T
p0, into the vector of actual target,
Z˜MP˜
T
p0 =z0.
The three steps analyzed clearly show that the Leontief
reduced form in its operation has a stage – the scaling stage
– where only aggregate operators are involved, namely
scalars ωi, ˛i and mi. On the other hand the remaining two
phases involve onlymodiﬁcations of inner compositions of
the vectors; since rotation and counter rotation operate on
vectors through transformations that are orthogonal and
normalized, leaving unaffected their order of magnitude.
The consistent use of this feature of the Leontief reduced
form requires the identiﬁcation of a set of policy vector
samples that make these features manifest.
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Fig. 6. Equal-modulus target contour.
Unfortunately both balance and change do not deﬁne
vectors’ sets in a suitable way for this aim, since they are
such that in the rotation phase they lose part of their scale.
However, sets of policy vectors invariant with respect to
axes rotations can be easily found. Adopting the Euclidean
norm as aggregation criterion will result in the deﬁni-
tion of an (equal) policy vector set invariant with respect
to axis rotations. This procedure will make all the aggre-
gated Macro Multipliers come out from the complexity
of multisectoral relations as well as the associated policy
structures – by which they can be stimulated – and the
target structures – on which their effect can be observed.
These outcomes will be then evaluated also in terms of
balance and change.
4. Equal-target contours as reachable policy target
sets
In determining the sets of the policy-targets which are
reachable through the use of policy controls, rather then
concentrating on a single target z0, we prefer referring to
the entire set of targets which are attainable imposing to
the model the control vectors p with the same aggregate
scale, evaluated at each turn as balance, change and mod-
ulus.
The transformation of each equal policy contour will
generate a set of target vectors that we deﬁne as equal
target policy contours. The equal-target contours are then
equal in the sense that they cost the use of a predetermined
aggregate level of the policy control.
We have already identiﬁed the strength and the weak-
ness of net balance: it shows the net addition of resources
required but it can hide very high sectoral ﬁgures: it
becomes zero when sectoral components are not all zero.
For these reasons we will neglect the transformation of
the equal-balance policy contours while concentrating on
the relationships and transformations of the equal-change
policy contours and of the equal-modulus policy contours
since the two are connected and the latter can provide use-
ful information on key structures.
Keeping in mind that the equal-modulus policy con-
tours are invariantwith respect to axes rotations, we ﬁrstly
concentrate on the determination of the reachable set of
the policy targets i.e. the equal-modulus target-contours.
In other words we reply to the question: “which is the
policy-target set reachable though the use of a policy for
which we keep constant the aggregate value, determined
as modulus, but we make the policy control assume all the
possible structures”.
In the policy target space the transformation produced
by the Leontief reduced form will produce a deformation
of the unit ball which becomes a ellipsoidwhere the length
of the axes represents the Macro Multipliers (see Fig. 6).
When vector p0 assumes the composition of the ﬁrst
policy-control key-structure, p˜1, the corresponding target
vector z0 takes the structure of the ﬁrst policy-target key-
structure z˜1, and its modulus results multiplied by m1.
Conversely when vector p takes the structure p˜2 the corre-
sponding vector z assumes structure z˜2 and its modulus is
multiplied by m2.
The two couples of key structures [p˜1, z˜1], [p˜2, z˜2] and
associatedmultipliersm1,m2 represent the only two inde-
pendent policies that themodel parameterswould allow in
a 2-sectors case as the one reported in Fig. 6. For this reason
we will refer to these two policies as “primitive policies”,
in the sense that their structures cannot be derived the one
from the other. Outside the newly deﬁned primitive poli-
cies all the possible responses of the policy target to the
unit policy control will be given by a combination of the
two structures and will follow the proﬁle of the ellipsoid.
The response in the policy target space is not limited to
the equal-modulus target contour of unitmodulus. Switch-
ing to an equal-modulus policy contour of higher modulus
will result in switching to an higher equal-modulus target-
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Fig. 7. Target-contours for unit equal-modulus and unit equal-change policy contours (Target vectors OA′ , OB′ , OE′ and OF′ correspond to unit policy
contours).
contour in thisway thecompletemapof theequal-modulus
target-contours is determined proportionally according to
the scale of the policy control.
Let us now consider the two types of equal policy con-
tours – i.e. the equal-modulus policy-contours and the
equal-change policy contours – and the associated equal
target-contours – i.e. the equal-modulus target-contours
and the equal-change target-contours. If we take into con-
sideration the policy contours of unit modulus and unit
change, as those shown in Fig. 4, we will get the corre-
sponding target contours as represented in Fig. 7. As one
could expect it exists only four target vectors OA
′
, OB
′
, OE
′
and OF
′
, for which equal-modulus target-contour and the
equal-change target-contour coincide. This happens exclu-
sively in the four intersections of the two contours that
correspond to vectors OA, OB, OE and OF in Fig. 4, for
which Mod(p0) =Abs(p0) = 1. In the same ﬁgure we note
that the equal-target contour will describe a parallelogram
A
′
B
′
E
′
F
′
.
However, the actual form of the parallelogram – the
equal-change target-contour – will depend on the param-
eters of the Leontief reduced form. Since only in the case
where the policy-control key-structures coincide with the
Cartesian axes – p˜I1 and p˜
I
2 in Fig. 8 – the parallelogram
vertices would coincide with the vertices of the ellipse
semi-axes – the distances from the centre z1m1, z2m2 in
Fig. 9.
Let us suppose parameters’ changes in matrix R for
which the policy-control key-structures from p˜I1 and p˜
I
2
rotate to p˜II1 and p˜
II
2 and then to p˜
III
1 and p˜
III
2 in Fig. 8. Then,
since change is not invariant to axes rotations, the set of
reachable policy target with a unit change (equal-change
policy contour=1) modiﬁes.
Fig. 9 shows the transformation of the equal-change
target contours for rotations in the reference axes of the
policy-control key-structures. While the equal-modulus
policy contour keeps steady the equal-change policy con-
tourmodiﬁes:when the rotation takesplacepointA
′
moves
towards A
′ ′
and then to A
′ ′ ′
, see Figs. 8 and 9. This phe-
nomenon is due to the fact that the policy vector changes
its lengthwhen rotatingalong theequal-changepolicy con-
tour, as can be seen in Fig. 8, when point A
′
moves towards
A
′ ′
and then to A
′ ′ ′
. It has to be noted, however, that the ver-
Fig. 8. Unit equal-change policy contour and varying policy key structures.
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Fig. 9. Unit equal-change target-contour.
tices of the equal-change policy contour remain conﬁned
to the equal-modulus policy contour.
When the Leontief reduced form R changes in a way
that policy key structures rotate, the unit equal-modulus
target-contour does not change its location. On the con-
trary the unit equal-change target-contour alters its shape
but in a regular way. It maintains its sides parallel and its
vertices remain conﬁned to the ellipse representing the
unit-modulus target-contour.
If we then decide to measure the aggregate value of a
policy vector variablewith elements of both signs, with the
sum of the absolute values of its components – the Man-
hattan norm – the determination of its effects on the target
vector variable is rather complex. In fact it is not possible to
isolate completely thedimensional effects that theabsolute
sum of the policy vectors elements necessarily introduces.
On the other hand modulus – Euclidean norm – being
invariant to axes rotations, allows for the consistent sep-
aration of the magnitude effect, scale effect, from the
compositioneffect, the structural effect,within the reduced
form of the model. In the application that follows we will
perform the analysis exploiting the idea of key structures
and Macro Multipliers consistently deﬁned, in the idea
that both the aggregated and disaggregated features of the
macroeconomic variables, jointly analyzed in the previous
sections, have to play their simultaneous and speciﬁc role.
5. Leontief multipliers and Macro Multipliers at
work
The applied exercise focuses on the government strate-
gies for the automobile sector of the U.S. that allocate and
reallocate resources in order to keep up the demand for
automobiles.9 It aims at quantifying the short run impact
9 ThemanufactureofMotorvehicles, trailers andsemi-trailers andparts
manufacturing was among the largest of the manufacturing industries
of a government strategy that acts on the negative effects
of the current economic crisis. Principally the policymaker
appears to have considered how to restore the aggregate
demand with a set of sector-speciﬁc subsidies like those
designed for the as automobile commodity.10 The policy
measure is usually evaluated in terms of its direct impact
on the sector’s performance, but it is crucial to assess both
its indirect and induced effects on the production system
as a whole.
The traditional approach, based on the Leontief inverse
as the matrix of the Leontief multipliers allows for the
quantiﬁcation of this type of effects. The outcomes are,
however, limited by the “cell to cell” approach used. This
attitude puts in evidence the direct and indirect effect of a
sectoral component of ﬁnal demand on a sectoral compo-
nent of total output but is unable to anticipate the complete
effect of a change in ﬁnal demand of predetermined scale
– and varying structure – on total output as a whole.
As mentioned above, the Macro Multipliers approach
overcomes this limit. It reveals the key structures of the
policy control that activate different effects on the policy
in 2008 in US, providing 877,000 jobs. The majority of jobs, about 62%,
were in ﬁrms that make motor vehicle parts. About 22% of workers in
the industry were employed in ﬁrms assembling complete motor vehi-
cles, while about 16% worked in ﬁrms producing truck trailers; motor
homes; travel trailers; campers; and car, truck, and bus bodies placed on
separately purchased chassis (Bureau of Labour Statistics, 2008).
10 With respect to the ISIC classiﬁcation the motor vehicles commodity
is included in themanufacturing division:manufacture ofmotor vehicles,
trailers and semi-trailers, industry 23. This class includes the manufac-
ture of motor vehicles for transporting people or goods. The manufacture
of various parts and accessories, as well as manufacture of trailers and
semi-trailers, is included here. Even if data that allow the breakup of the
automobile commodity from commodity 23 are available and this oper-
ation would be convenient to deepen an analysis of this type, we have
preferred to refer to commodity 23 without any other manipulation on
original data in order to keep a more immediate comparability of the
results.
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Table 1
Main aggregate results through the Leontief multiplier.
Policy control
balance a
Policy control
change a
Total output
balance a
Total output
change a
Effect on
output 23 a
Multiplier
balance
Multiplier
change
Multiplier
modulus
12,983 14,124 24,270 24,383 446 1.869 1.726 1.425
a Million of US dollars.
target, starting from the observed composition of the ﬁnal
demand. Since exogenous, ﬁnal demand plays the role of
policy control. In our exercise we have preferred to keep
this role to ﬁnal demand as awhole rather than referring to
somecomponentofﬁnaldemand, since theaggregatevalue
ofmacro variables does not inﬂuence theMacroMultiplier,
as long as the inner structure of the variables is kept con-
stant. The aggregate outcomes may be easily determined
byproportionalmultiplicationof themacro aggregates.We
then proceed in three steps. At ﬁrstwe determine plausible
or “observed” structure and scale of ﬁnal demand, apply it
to the Leontief inverse of the US, and determine the struc-
ture and the scale of total output as policy target, showing
the results both in sectoral and in aggregate ﬁgures.
Then we force the Leontief reduced form to say more
on aggregate Macro Multipliers and the structures that
make them appear. In this second step we examine all the
structures that the reduced form provides for the policy-
target andwe concentrate on two speciﬁc policies for their
peculiar features. For these two structures we provide the
policy-target and the policy-control proﬁles and show the
aggregate results obtained imposing to these structures the
same scale “observed” policy.
Finally we study a policy which is the attempt of com-
bining, with varying weights, the two policies discussed
to produce a policy control that both stimulates industry
23 without depressing too much the remaining industries.
For this purposes we use the symmetric, commodity by
commodity, I–O table based on the Make (industry by
commodity) and Use (commodity by industry) tables of
the U.S. economy in year 2007. The symmetric I–O table
allows todetermine the69×69 11 matrixof direct and indi-
rect requirements that makes up the parametric set of the
Leontief reduced form. With the obvious exception of the
multipliers, all the results will be expressed in million of
2007 US dollars.
5.1. Leontief multipliers for the US
The scenario that synthesises the policy is such that
the “observed” ﬁnal demand for the year 2007 has been
determined as undergoing a decrease in all commodities
according the forecasted percentage of 6%, with respect to
the previous year, while sector 23 “motor vehicles, bod-
ies and trailers, and parts” is adjusted with the subsidy of
the Federal Government.12 If we consider that the Leon-
11 The symmetric IO table is built by theBureauof EconomicAnalysis and
is available atwww.bea.gov/industry/iotables/table list.cfm?anon=95800
(BEA, 2007). The commodity classiﬁcation is shown in Table A.1 in
Appendix.
12 The subsidy designed in the application exercise is of the type of an
incentive to domestic ﬁnal demand. Once established the policy amount
tief inverse, that is the matrix of the sectoral multipliers,
can be seen as the matrix of the reduced form of the Leon-
tief model, we can apply it to the observed ﬁnal demand
vector to get the corresponding vector of total output.
The multisectoral results for these two vectors are pre-
sented in Fig. 10, where for each sector two histograms
are given: the ﬁrst representing the observed sectoral ﬁnal
demand the other the associated value of sectoral output. A
few ﬁnal demand vector’s components namely 2 “Forestry,
ﬁshing, and related activities”, 3 “Oil and gas extraction”
18 “Primary metals”, 66 “Non-comparable imports”, 67
“Scrap, used and secondhand goods” and 69 “Inventory
valuation adjustment” are negative because of observed
negative inventory change. On the other hand almost the
half of the sectors – as for example sector 6, 14, 15, and so
on – show values of total output that have doubled with
respect to the corresponding item of ﬁnal demand. For the
remaining sectors the multiplicative proportion is lower
while many of them show higher levels. One could say
that Fig. 10 shows greater multiplicative effects for smaller
sectors.
Under the aggregate viewpoint the same results are
shown in Table 1. Final demand has a balance of 12,983 but
a change of 14,124. The difference is caused by the negative
ﬁnal demand components already referred to.
If we focus on the output variable we observe an
increase on industrial output of 24,270 (balance), a change
of 24,383 for the system as a whole and a positive effect of
446 for the industry 23 “Motor vehicles, bodies and trail-
ers, and parts”. The difference between the change and the
balance of the policy target is caused by the negative inven-
tory change. In Table 1 the Macro Multipliers are shown
in terms of balance and change. The policy we analysed
highlights a multiplier effect both in term of change and
of balance. Sectors that appear relevant for their dimen-
sion are: 45 “Real estate”; 7 “Construction”; 64 “State and
local general government”; 28 “Retail trade”; 48 “Miscel-
laneous professional, scientiﬁc and technical services”; 27
“Wholesale trade”.
The results obtained through the traditional multisec-
toral analysis for the US economy are strictly based on
the predetermined composition of the “observed” ﬁnal
demand as it emerges from data. These policies trough
which the crisis has been faced do not take advantage of
endogenous manoeuvres that the US production system is
it is also established that the incentive will be devoted to hold up the ﬁnal
demand of households and ﬁrms when purchasing automobiles either as
durable and as investment good. Households and ﬁrms will then receive
a discount on the purchase price that will be compensated directly by the
intervention of the federal government. Through this procedure, unlike
the case of production subsidies, an increase of ﬁnal demand of equal
amount for automobiles is realized by households and ﬁrms.
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Fig. 10. Multisectoral results for the “observed” ﬁnal demand (Million of US dollars).
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able to suggest and then they are less convenient in order
to achieve the preﬁxed target.
The Macro Multiplier approach allows to ﬁnd endoge-
nous key structures of the policy control each activating
singularly a multiplying effect on the policy target that
is total output. In this way we identify 69 MM, as shown
in Fig. 11, 69 key-structures of the policy-control and 69
key-structures of the policy target that direct the impact
of each activated multiplier towards the speciﬁc sectoral
component of the policy target.
The dominating, i.e. highest,multiplier forU.S. economy
shown in Fig. 11 is equal to 2.38. Each of the 69MM is asso-
ciated with a structure of a policy control that activates
each multiplier effect. This multiplier effect is directed
towards speciﬁc sectoral components of the policy target
according the target key-structures.13 If we focus on the
dominant multiplier we are looking for a general positive
effect on the systemas awhole. The key-structures (control
and target) associated with the dominant multiplier have
all positive components thus the policy control increases
both the scale of total output and each sectoral component.
In order to asses the impact of an policy alternative
to the “Leontieﬁan” one, taken into consideration in the
previous section, we now impose to ﬁnal demand the
policy-control structure associated to the dominant mul-
tiplier, keeping constant its aggregate scale at 14,124 as
shown in Table 1. As reported in Table 2 using the newly
deﬁned vector of ﬁnal demand we obtain an impact on
total output that assumes the structure of the ﬁrst policy-
target key-structure. Total output becomes now 29,319;
the aggregate multiplier is then 2.076 in terms of balance
and change which corresponds to a multiplier of 2.382 in
terms of modulus.14
Sectoral results summarized in Table 2 illustrated in
Fig. 12. Thecommoditieswhoseoutput is stimulatedby this
policy are: 48 “Miscellaneous professional, scientiﬁc and
technical services”;3 “Oil andgasextraction”;15 “Chemical
products”; 18 “Primary metals”; 27 “Wholesale trade”; 14
“Petroleum and coal products”. The new structure of ﬁnal
demand iswell balanced and improves asmuch as possible
the performance of the production system as a whole.
However, a policy that is of speciﬁc interest to the
expansion of sector 23 “Motor vehicles, bodies and trail-
ers, and parts” attainable according the Leontief reduced
form is policy 9. As shown in Fig. A.1, and reported in
Fig. 13, policy 9 strongly expands sector 23’s output. It,
however, reduces output of other sectors but with lower
intensity.
We construct a new vector of ﬁnal demand, whose
structure is suggested by the policy-control key-structure
9. The new vector of ﬁnal demand has the a speciﬁc
(endogenous) structure but the same absolute change of
the previous ones i.e. 14,124. The aggregate results of this
application are summarized shown in Table 3. As one could
13 Each of the 69 policy-target key structures multiplied by the corre-
spondentMM is shown in appendix at Fig. A.1, the key-structures of policy
control are to be found in Fig. A.2.
14 The structure of the policy control and target have all positive ele-
ments thus the sum of the absolute changes and the balance do not differ
as to ﬁnal demand and total output.
expect, the policy-control has a negative balance (−385)
while total output ha positive balance 1.023 and absolute
change amounts to 17,701. The production of commod-
ity 23 “Motor vehicles, bodies and trailers, and parts” has
increased of 4633. Results that are shown in Table 3 in
aggregate terms are generated by policy 9 shown in details
in Fig. 13. The disaggregated results stress the fact that
the composition of the policy control requires positive and
negative variations of the level of sectoral ﬁnal demands.
This is also observed in the structure of the policy target
where commodity 23. “Motor vehicles, bodies and trailers,
and parts”; 8. “Food and 27 beverage and tobacco prod-
ucts”; 1. “Farms”; 61. “Other services, except government”;
60. “Food services and drinking places” are show a positive
change while others as 18 “Primary metals”; 22 “Electri-
cal equipment, appliances, and components”; 15 “Chemical
products”; 24 “Other transportation equipment” present
a negative variation. Even if this policy increases the out-
put of sector 23 it depresses themajority of the production
activities.
5.2. Policy design as an alchemy of policy key-structures
Until now we have analyzed into some details two
policies, i.e. policy 1 and policy 9, out of the 69 shown
in the appendix. They all would deserve careful exami-
nation since they deﬁne the complete behaviour of the
reduced form of our model. Given our parameter set
no result is possible, in fact, out of these policies, that
we can deﬁne as primitive, or out of all their possible
combinations.
We have seen that there is a trade-off between the
increase of output of sector 23 and output of a set of other
goods, as stressed in Fig. 13. The MM approach allows for
a policy design that deﬁnes a policy control whose aim
is to reduce the negative effects on the policy target that
have been shown above. This aim can be attained through
a policy that combines the positive effect on output of sec-
tor without neglecting the performance of the system as a
whole. It is possible, in fact, to deﬁne a “non primitive” pol-
icy combining various primitive policies. In particular the
dominating policy control, p˜1, that achieve the best aggre-
gate performance and the policy control that achieve the
greatest effect for the output of sector 23, p˜9. Now theprob-
lem becomes that of ﬁnding a “blend” of primitive policies
realized through the deﬁnition of a set of weights. These
weightswill combinevariousprimitivepolicy-target struc-
tures, consistently with the aims of the policy maker. The
same set of weights will determine the policy-control able
top realize that target.
In our simpliﬁed exercise we try to combine primitive
policy 1 and primitive policy 9 trough the deﬁnition of a
weight ˇ, with 0≤ˇ ≤1. In this case new policy-control
structurewill be given by p1,9 (ˇ)= ˇp˜1 + (1 − ˇ)p˜9 so that
the corresponding policy-target structure will result in z1,9
(ˇ)=ˇz˜1 + (1 − ˇ)z˜9.
The criterion to determine the strictly depends on the
policy objective identiﬁcation. If the objective is to stim-
ulate industry 23 while not depressing the remaining
industries we necessarily need to work out a combination
of target key structure 9 and 1, because of their fea-
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Table 2
Aggregate results for primitive policy 1.
Policy control
balance a
Policy control
change a
Total output
balance a
Total output
change a
Effect on
output 23 a
Multiplier
balance
Multiplier
change
Multiplier
modulus
14,124 14,124 29,319 29,319 641 2.076 2.076 2.382
a Million of US dollars.
Table 3
Aggregate results for primitive policy 9.
Policy control
balance a
Policy control
change a
Total output
balance a
Total output
change a
Effect on
output 23 a
Multiplier
balance
Multiplier
change
Multiplier
modulus
−385 14,124 1,023 17,701 4,633 −2.657 1.253 1.368
a Million US dollars.
tures. While beta decreases the features of key structure 1
become less relevantwhile thoseofkeystructure9 increase
in relevance in this new “combined” structure. The policy
maker will choose the appropriate value of beta looking at
the combined structure proﬁle. Once beta is determined it
will be also applied to the policy control key structures to
obtain the “combined” policy control structure.
The results of combination in term of output, andmulti-
plier power arepresented in table 4.Whenˇ =1weactivate
policy 1, characterized byMMm1, policy key structure and
target key-structure z˜1. On the other hand when ˇ =0 we
activate policy 9, characterizedbyMMm9, policy key struc-
ture p˜9, and target key-structure z˜9. Any other value of
coefﬁcient ˇ determines results that may be studied as
combinations of the two policies. As it can be seen from
Table 4 choosing a policy combinationwith anhigher effect
on industry 23 results in a policywith depressing effects on
all other industries. The criteria through which the conve-
nient combination is chosenmight be different. The results
emerging from the traditional Leontief multipliers analysis
might represent the benchmark for choosing the endoge-
nous policies. If we compare the results with the impact of
the Leontief policy we can easily choose policy character-
ized by ˇ =0.9. The ﬁnal demand and the output impact are
shown in Fig. 14. This ﬁgure shows that this policy combi-
nation has a structure very similar to the dominating one:
the favourite commodities are the same.15 If we focus on
the absolute change multiplier, the convenient policy con-
trol is the structure given by ˇ =0.5 with the value of 1.833
that is greater than 1.726 the previous structure’s multi-
plier. Last, if we aim to avoid the negatives component on
sectoral outputwecancombine thestructuresusingˇ =0.7.
6. Conclusion
The present day economic crisis emphasizes the rele-
vance of economic policy to design and determine, at the
disaggregated level and in the short term, the effects on
output of a stimulus on private consumption and invest-
ment.Observing the strategies of thenational governments
facing the crisis, it can be claimed that all act to support
the aggregate demand of a cyclic good in the short run. In
the U.S. economy the activity that suffers more than others
15 In this case the industry most stimulated is 3 “Oil and gas extraction”.
of a lack of demand is the automobile sector that used to
employ a large part of labour force.
In this paper our attempt is that of developing a tool of
analysis that keeps themethodological fundaments ofmul-
tisectoral analysis but nevertheless allows for progresses in
the ﬁeld of decisionmodels for policy,which do not neglect
role and function of aggregate macroeconomic variables at
themulti sectoral level.16 From themultisectoral approach
we have adopted the Leontieﬁan idea of representing the
economic phenomenon through the use of ﬁxed coefﬁ-
cients as a “stylized” representation. The approach from
the policy viewpoint allows for the determination, passing
from the structural form to the reduced form the model,
also for the reduced form a ﬁxed coefﬁcient matrix, as the
Leontief matrix is.
As to the aggregation aspects we started from the con-
sideration that the most popular aggregation criteria in
economic analysis are the sum of the sectoral values and
the sum of absolute values, when sectoral values are of
both signs, i.e. balance andManhattan norm. However, the
two criteria fail in indicating the constancy of the scale of
a vector. In fact if balance or Manhattan norm keep con-
stant while structure changes there is nowarranty that the
scale of the vector has kept constant. Since our analysis
is founded on the possibility of separating the structure
from the scale of a vector variable inmatrix multiplication,
we need to refer to a new aggregation criterion that is the
Euclidean distance.
The deﬁnition of the three criteria has allowed the
ordering of macroeconomic variables into sets of the same
scale. In this logical framework we can ask much more
information than the multiplier from sectoral component
to sectoral component.
We can ask which are the aggregate Macro Multipliers,
which remain latent in the reduced form, that determine
the effect of the policy control on the policy target. We
can ask whichmultipliers have been activated by the actu-
ally observed policy control, and which structure of the
policy control we might realize in order to reach a prede-
termined policy target. All this information is contained in
the reduced formandcanbeextracted followingapath that
16 Pressure in this direction comes from the enormous developments in
the national account schemes which provide both the aggregate and the
sectoral consistencyof themajor economic aggregateswith sectorizations
designed according the macroeconomic variable under scrutiny.
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Fig. 14. Multisectoral results for non primitive policy 1-9 (ˇ =0.9) (Million of US dollars).
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Table 4
Non primitive policy evaluation.
Weight for policy the
combination
Policy control
balance a
∑
pˇ
i
Policy control
change a
∑
|pˇ
i
|
Total output
balance a xˇ
i
Total output
change a |xˇ
i
|
Effect
output 23 a
Multiplier
balance
Multiplier
change
Multiplier
modulus
1 0 14,124 14,124 29,319 29,319 641 2.076 2.076 2.382
0.9 0.1 12,673 12,673 26,490 26,490 1040 2.090 2.090 2.341
0.8 0.2 11,222 11,235 23,660 23,660 1439 2.108 2.106 2.205
0.7 0.3 9771 9873 20,830 20,830 1838 2.132 2.110 1.997
0.6 0.4 8320 9032 18,001 18,092 2237 2.163 2.003 1.781
0.5 0.5 6869 8779 15,171 16,096 2637 2.209 1.833 1.607
0.4 0.6 5419 9160 12,341 14,779 3036 2.278 1.613 1.492
0.3 0.7 3968 10,004 9512 14,323 3435 2.397 1.432 1.423
0.2 0.8 2517 11,142 6682 14,825 3834 2.655 1.331 1.388
0.1 0.9 1066 12,474 3852 15,912 4234 3.614 1.276 1.372
0 1 −385 14,124 1023 17,701 4633 −2.657 1.253 1.368
a Million US dollars.
is not related to the single sectoral component but which
refers to the whole structure of the aggregate macroeco-
nomic variable.
The application exercise has been performed on a sim-
ple multisectoral model as the Leontief model is, which,
however, allows the illustration of the method proposed.
First a reference structure of the ﬁnal demand as policy
control has been identiﬁed. Then the aggregate value of
ﬁnal demand has been kept while its structure has been
changed, according the suggestions emerging from the
analysis of the reduced form and the supposed aims of
the policy maker and the aggregate and sectoral outcomes
evaluated. Finally a “convenient” combination of two poli-
cies has been designed where the one tries to attain the
greatest expansion of the speciﬁc sectoral output and the
other counterbalances to the possible depressive effects of
this policy on the remaining sectors.
Here the role of the policy maker of melting primi-
tive policies, emerging from data, consistently with his
a-priori-conceived aims is made apparent in the simplic-
ity of the I–O application. Since based on the Leontief
framework the proposed exercise of quantitative policy
design is conﬁned to the analysis of the production side
of the economy with only three aggregate macro variables
implied.
Further developmentswithmore articulatedpolicy out-
comes can be expected when the application is broadened
to data from more complete frameworks as the Social
Accounting Matrices. In this direction we plan to extend
the analysis enlarging the number of aggregate macroeco-
nomic variables among which choosing the policy control
and thepolicy targets aswell as thenumberof sectorization
criteria to apply to the various macrovariables, but keep-
ing the simplicity and clear cut approach of the Leontief
tradition.
Appendix A. Tables and ﬁgures
See Appendix Table A.1.
See Appendix Figs. A.1 and A.2.
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Fig. A.1. Primitive policy-target (mizi).
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Fig. A.2. Primitive policy-control (pi).
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Table A.1
Classiﬁcation of commodities (NAISIC).
1 Farms 36 Warehousing and storage
2 Forestry, ﬁshing, and related activities 37 Publishing industries (includes software)
3 Oil and gas extraction 38 Motion picture and sound recording industries
4 Mining, except oil and gas 39 Broadcasting and telecommunications
5 Support activities for mining 40 Information and data processing services
6 Utilities 41 Federal Reserve banks, credit intermediation, and related activities
7 Construction 42 Securities, commodity contracts, and investments
8 Food and beverage and tobacco products 43 Insurance carriers and related activities
9 Textile mills and textile product mills 44 Funds, trusts, and other ﬁnancial vehicles
10 Apparel and leather and allied products 45 Real estate
11 Wood products 46 Rental and leasing services and lessors of intangible assets
12 Paper products 47 Legal services
13 Printing and related support activities 48 Miscellaneous professional, scientiﬁc and technical services
14 Petroleum and coal products 49 Computer systems design and related services
15 Chemical products 50 Management of companies and enterprises
16 Plastics and rubber products 51 Administrative and support services
17 Non metallic mineral products 52 Waste management and remediation services
18 Primary metals 53 Educational services
19 Fabricated metal products 54 Ambulatory health care services
20 Machinery 55 Hospitals and nursing and residential care facilities
21 Computer and electronic products 56 Social assistance
22 Electrical equipment, appliances, and components 57 Performing arts, spectator sports, museums, and related activities
23 Motor vehicles, bodies and trailers, and parts 58 Amusements, gambling, and recreation industries
24 Other transportation equipment 59 Accommodation
25 Furniture and related products 60 Food services and drinking places
26 Miscellaneous manufacturing 61 Other services, except government
27 Wholesale trade 62 Federal general government
28 Retail trade 63 Federal government enterprises
29 Air transportation 64 State and local general government
30 Rail transportation 65 State and local government enterprises
31 Water transportation 66 Non comparable imports
32 Truck transportation 67 Scrap, used and secondhand goods
33 Transit and ground passenger transportation 68 Rest of the world adjustment
34 Pipeline transportation 69 Inventory valuation adjustment
35 Other transportation and support activities
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